An observer interferes with the object of observation and makes a unique recording that probably cannot be replicated down to its final detail. However, the aim in epidemiology is to make objective recordings which can be replicated within reasonable limits.
It is known that face-to-face interviewing involves a substantial risk of producing interviewer effects-that is, responses that depend partly on how the interviewer looks, poses the questions, and expresses his or her attitude in body language and wording (1). Self-administered questionnaires are generally believed to be less vulnerable to influences on response patterns (2); however, even in studies using questionnaires, the aim of the study, the appearance of the questionnaire, the introductory letter, and the research group may all have an impact on response (3) .
Telephone interviewing falls between these two data collection methods. Computer-assisted telephone interviewing has become the method of choice in many studies, because it permits use of a highly branched questionnaire. Furthermore, telephone interviews often have high response rates and few missing data, and they are usually less expensive than personal interviews, though more expensive than selfadministered questionnaires (4) .
An interviewer effect would be expected to be smaller in telephone interviews than in personal interviews, since only the interviewer's voice and the phrasing of the questions cannot be standardized. On the other hand, the absence of face-to-face contact with the interviewer might make it difficult for the respondent to find the confidence needed to give honest answers to personal questions (5) .
It is important for epidemiologists to evaluate the quality of the data collection methods they apply (6) . If an interviewer effect is present in computer-assisted telephone interviews, researchers must take this into consideration when designing a study or analyzing results.
The Danish National Birth Cohort Study is an ongoing project with the aim of establishing a cohort of 100,000 women, recruited in the first trimester of pregnancy, and their offspring. Information on exposures incurred during pregnancy is collected primarily by means of telephone interviews. We use computer-assisted telephone interview-ing and a highly structured questionnaire for these telephone interviews. As part of our quality control, we ask all interviewers to provide data on their own attitudes and habits concerning specific lifestyle factors.
The aim of this particular study was to assess possible interviewer bias arising from the interviewers' own habits and their attitudes toward a woman's lifestyle during pregnancy. For this purpose, we compared the interviewers' demographic characteristics, personal smoking and alcoholdrinking habits, and personal attitudes toward drinking and smoking during pregnancy with the responses they obtained on alcohol and smoking from pregnant women in the Danish National Birth Cohort Study.
MATERIALS AND METHODS
We used response data from the first of four interviews carried out with participants in the Danish National Birth Cohort Study during the period October 1, 1997-February 1, 1999. For the interviewers, we used data from a selfadministered questionnaire filled in when they started their employment with the study.
The telephone interviews were carried out in one centralized setting by trained personnel employed by a commercial call center. All interviewers were women of reproductive age. The interviewers had to pass a 2-day training course arranged by us.
The interviewers were asked to complete a questionnaire on their own education, personal reproductive experience, lifestyle habits (smoking and alcohol consumption), and attitudes toward smoking and alcohol drinking during pregnancy. The interviewers were informed about the purpose of the study and were guaranteed full confidentiality. The completed questionnaires were available only to us. A consecutive sample of 40 interviewers completed the questionnaire.
Attitudes toward smoking and alcohol drinking during pregnancy were assessed by asking the interviewers whether they agreed or disagreed with the following three statements: 1) "It is more important for a pregnant woman to stay happy than to stop smoking." 2) "I think that one should, first of all, show concern for the unborn child while pregnant." 3) "One should quit drinking alcoholic beverages while pregnant." On the basis of five fixed answer categories ranging from full agreement to complete disagreement, the interviewers' attitudes were classified arbitrarily as restrictive, neutral, or liberal. This classification was made before the data were analyzed. We constructed the classification to make "restrictive" indicative of at least two maximally restrictive answers or three modified somewhat restrictive statements and "liberal" indicative of, at maximum, one restrictive statement (table 1) . Information on alcohol consumption was categorized into three strata according to average weekly alcohol intake: up to two drinks per week, 2 1 ⁄ 2 to seven drinks per week, and more than seven drinks per week. Information on education was dichotomized according to the requirements for higher education in Denmark.
Data from the first interview with the pregnant participants, which most often was carried out during gestational weeks 12-16, were used for this validation study. A total of 19,216 of these interviews were consecutively carried out between October 1, 1997, and February 1, 1999. Of these, 13,205 were conducted by interviewers who had completed a questionnaire. Six of the 40 interviewers carried out fewer than 100 interviews and were excluded from the study according to the protocol, leaving 12,910 interviews for this analysis. Outcome measures in the study were the respondents' answers to sensitive questions, defined as questions on smoking and alcohol consumption during pregnancy.
Respondents were categorized as smokers or nonsmokers, and their daily consumption of tobacco was categorized into four strata. The women were asked about their average weekly intake of beer, wine, and spirits during pregnancy and before pregnancy, respectively. They were also asked about binge drinking (consumption of five or more drinks on one occasion) during pregnancy. The women's total weekly alcohol consumption was grouped into four strata.
Respondents were assigned to interviewers consecutively. The pregnant women were asked to indicate a preferred day and time for the interview when they signed the informed consent form, and interviews were listed according to preferred time. The interviewers were instructed to carry out the interviews scheduled for a particular time period when on duty, without taking into consideration any characteristics of the respondents. Some interviewers preferred to work during normal working hours; others interviewed women primarily during the evenings and on weekends. Since interviewers' preferred working schedules, as well as participants' preferred times for interview, were expected to be associated with lifestyle factors, we adjusted for potential selection bias by stratifying analyses according to the time of the interview (daytime on a workday vs. weekend or evening). Data were analyzed using contingency tables (PROC FREQ in SAS (SAS Institute, Inc., Cary, North Carolina)). Differences were evaluated by chi-squared statistics. Permission was obtained from the Danish Data Protection Board before initiation of this study.
RESULTS
The interviewers were all women, and their characteristics are shown in table 2. Although all interviewers were of reproductive age, most were nulliparous. Most of the interviewers had started pursuing a higher education or were planning to do so.
Answers to questions on smoking and alcohol consumption during pregnancy are shown in table 3. The proportion of missing answers was less than 1 percent for smoking and less than 0.5 percent for alcohol intake.
We found no association between the interviewers' alcoholdrinking habits and the answers they obtained about respondents' alcohol intakes during pregnancy (table 4) . Responses did not vary by the interviewers' age, parity, educational level, vocational training, or smoking status or by their attitudes toward smoking and drinking during pregnancy. Table 5 shows the distributions of answers on smoking according to the interviewers' alcohol intake, smoking habits, and attitudes toward specific lifestyle factors in pregnancy. No significant associations were seen. Similarly, the interviewers' education, vocational training, age, and parity were not related to the pregnant women's reporting of smoking or alcohol drinking during pregnancy (data not shown).
Analysis of possible selection bias related to the time of interview showed that interviews performed during regular working hours were significantly more likely to be carried out by interviewers who smoked, had a high consumption of alcohol, and had a liberal attitude toward lifestyle in pregnancy (table 6) . Consequently, all analyses were stratified according to whether or not the interview was completed during regular working hours. The stratification revealed a weak association between interviewers' alcohol consumption and respondents' reporting of weekly alcohol intake during pregnancy, but only for interviews carried out during working hours (table 7) . None of the other results given in tables 4 and 5 changed after this stratification (data not shown).
DISCUSSION
We did not find any significant associations between interviewers' smoking habits, alcohol consumption, attitudes toward smoking and drinking during pregnancy, or demographic characteristics and the answers they obtained from pregnant women about smoking and alcohol consump- tion. Only one subanalysis showed a statistically significant association, which may have been due to chance. The association showed no trend, and it disappeared if the answer categories were modified slightly.
Responses to questions on smoking and alcohol drinking in pregnancy were chosen because they were thought to be most likely to produce an interviewer effect. Alcohol drinking and tobacco smoking during pregnancy are undesirable habits, and respondents might be inclined to minimize these habits and give more socially desirable responses (3).
Studies on interviewer variation according to demographic variables have shown conflicting results (7). Johnson et al. (8) found an association between reporting of substance use and the interviewer's age and race: Caucasians and older interviewers obtained more reports of substance use. Johannes et al. (9) found minor but significant interviewer variation in the Massachusetts Women's Health Study. The interviewers were similar regarding age and education but differed in terms of interviewing experience. Freeman and Butler (10) intended to include interviewer's sex, age, socioeconomic status, and ideology in a study of interviewer effects. They found interviewer variation according to sex and age, but the beliefs and experiences of the interviewers were too homogenous to be analyzed (10) . We are not aware of any other studies that have addressed potential biases arising from interviewers' own habits and personal beliefs.
If an interviewer effect is present, it should be adjusted for, but this is only possible if its determinants are known and recorded. Johannes et al. (9) recommended examining data for interviewer effects and showed how adjustment for interviewer effects changed one of the conclusions of a specific study.
The absence of an interviewer effect in this study may be due to the design of the Danish National Birth Cohort Study. We used exclusively female interviewers to avoid genderbased interviewer effects (8) , and the interviewers were all of reproductive age (11) . The interviews were carried out in a centralized setting with continuous supervision, and the educational program for the interviewers included a lecture on how to avoid interviewer effects. The interviewers were given standardized ways of reformulating a question if it was not initially understood, as well as rules about how to interpret ambiguous answers. Use of a highly structured questionnaire with closed answering categories may also have contributed to these results.
In this study, interviewer effects arising from variations in interviewers' demographic characteristics, health beliefs, and personal habits were found to be negligible in computerassisted telephone interviews from a large epidemiologic project. Several precautions were taken to avoid interviewer-associated bias, and these measures may have contributed to the results.
